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The current state of research on relative age effects in
basketball shows an uneven picture. These mixed results
might be caused by the interaction of constituent year
and within-year effects. Our aim was to examine
constituent and within-1-year effects in elite German
youth basketball. The sample (n = 4400) included players
competing in the JBBL (Under-16 first division) and the
NBBL (Under-19 first division) from 2011/2012 until
2013/2014. A multi-way frequency analysis revealed an
interaction of constituent year effects and within-1-year
effects for the JBBL, v2(6, 2590) = 12.76, P < 0.05.
NBBL data showed significant constituent year effects,
v2(2, n = 1810) = 25.32, P < 0.01, and within-1-year
effects for all three age bands but no interaction. The
interaction between constituent year and within-1-year
effects in the JBBL showed reduced within-1-year effects
with increasing age. Once players enter the system in the
JBBL, relatively younger players seem less likely to drop
out of the system. Results offer new insight regarding
how the regulations of this talent development system
may influence athletes’ opportunities to enter the system
and their likelihood of staying at the highest levels of
competition.
Research has demonstrated that systems using selec-
tion dates (e.g., January 1) create learning environ-
ments in which children’s age relative to the selection
date influences his or her chance of having success
(for reviews of this effect in sport see Cobley et al.,
2009; Musch & Grondin, 2001; Schorer & Elferink-
Gemser, 2013; Wattie et al., 2015). Generally,
researchers have focused on the maturation-selection
hypothesis (Baker, Schorer et al., 2010; Cobley et al.,
2009), when considering the impact of advanced
maturation (Malina, 1994; Malina et al., 2004) and
the consequences of being (not) selected for the next
level of competition (Helsen et al., 2005).
While most sport studies have shown relative age
effects, research on relative age effects in basketball
has shown an uneven picture across countries, which
is surprising, as one would expect clear relative age
effects because of the assumed importance of height
in basketball. In France, Delorme and Raspaud
(2009) showed statistically significant relative age
effects for boys and girls in all age categories from 7
to 18 years with the effect being most pronounced
during puberty by the age of 13–14 years of age. In a
follow-up study, Delorme et al. (2010) revealed an
underrepresentation of dropouts among male players
born early in the competition year and an overrepre-
sentation among those born late in the competition
year in all the investigated age groups (Delorme &
Raspaud, 2009; Delorme et al., 2010). In Germany,
Schorer et al. (2011) demonstrated significant rela-
tive age effects for active players from the first Ger-
man basketball league and for the combined group
of post-athletic careers such as referees, coaches and
officials suggesting a persistent long-term trend from
youth basketball to post-athletic careers. Hoare
(2000) found evidence of a relative age effect in all
male Under 16 (U16) and Under 18 (U18) Australian
national level basketball teams. Interestingly, no
skewed birthdate distributions indicating a relative
age effect were found in North-American profes-
sional basketball (Daniel & Janssen, 1987; Co^te
et al., 2006).
In reconciling the inconsistent findings with
respect to relative age effects among basketball play-
ers, it may be useful to consider the influence of dif-
ferent age-grouping practices. Although many
studies on relative age effects exist, studies have
rarely focused on the impact of age-grouping
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structures within sport systems differing from the
most frequently used 12 month annual age-group-
ing. For example, a new conceptualization by
Schorer et al. (2013) distinguishes between three dif-
ferent age-grouping effects resulting from different
age-grouping structures in sport. Within-1-year and
within-2-year effects represent typical relative age
effects with selection cohorts spanning a 12 and
24 months range, respectively. Constituent year
effects were demonstrated in multiyear age bands, in
which an athlete’s age relative to the other members
of the age cohort changes every subsequent season,
such as the two 3-year bands in elite German youth
basketball considered in this study (13–15 and 16–
19 years). Third, constant year effects were shown in
multiyear groupings with fixed (constant) age
cohorts across their youth sport development. In
these systems, athletes stay in the same age band and
move as a fixed age group across the development
system; therefore, athletes’ relative age is a constant
characteristic. In this structure, athletes born in the
youngest age cohort never benefit from potential
advantages of being relatively older. Therefore, ath-
letes born in the younger cohort of the respective
team are often underrepresented compared to their
relatively older sport mates (Lames et al., 2008;
Schorer et al., 2013).
Aims of the study
Based on the differing results for relative age effects
in basketball, it is valuable to examine the impact of
varying age-grouping policies on the development of
expertise in basketball as a possible explanation for
these divergent results might be an interaction
between within-1-year and the constituent year
effects. The higher the age range within a dynamic
multiyear age band, the stronger is the impact of an
athlete’s constituent year within the age band. It
seems likely that within-1-year effects are less pro-
nounced among athletes in the first constituent year
of a multiyear age group compared to within-1-year
effects among athletes in the second or third con-
stituent years. The decreasing importance of an ath-
lete’s birth quartile with increasing constituent year
might be due to the possibility that relatively
younger athletes are no longer only compared to
individuals born in their selection year, but also to
players born 1 or 2 years later. These findings might
be even more pronounced in systems offering the
opportunity to delay one’s academic and sporting
career. While previous research has looked at two
effects at the same time (Schorer et al., 2009; Chittle
et al., in press), their interaction has not yet been
investigated.
Therefore, the main aim of this study was to examine
the interaction between constituent and within-1-year
effects in elite German youth basketball. Previous
research in German basketball has shown that there
are within-1-year effects in post-athletic careers
(Schorer et al., 2011). Therefore, we also expected
within-1-year effects in the two highest junior leagues
in German basketball at the age of 13 to 19. On the
basis of the meta-analysis by Cobley et al. (2009), we
also expected to have the strongest relative age
effects in the youngest cohorts of these national lea-
gues starting at the age of 13. At later stages of youth
development, these effects should get smaller, but
not diminish completely (Schorer et al., 2011).
For the constituent year effect, previous research
in other sports suggests that older year groups are
overrepresented in comparison to younger ones
(Lames et al., 2008; Schorer et al., 2013). To the best
of our knowledge, these effects have not yet been
investigated in varying age groups; therefore, we
explore this in our study. We hypothesized that
within-1-year effects will get smaller with matura-
tion, but this hypothesis was largely exploratory.
Research has yet to consider the interaction of con-
stituent year effects and within-1-year effects. Previ-
ous research by Chittle et al. (in press) suggests there
may be interactions between these effects, but it
seems premature to present a hypothesis of how
those interactions might differ over varying matura-
tion levels. Therefore, these analyses were also
exploratory.
Materials and methods
Sample
For the present study, birthdates of all players were provided
by the league manager from the two highest male German
junior basketball leagues, namely the Jugend Basketball Bun-
desliga (JBBL,  Under 16, n = 2590) and the Nachwuchs
Basketball Bundesliga (NBBL,  Under 19, n = 1810) data-
base (the greater number of JBBL players is due to the fact
that the JBBL includes more teams than does the NBBL: see
below). The sample included players competing in the two top
junior basketball leagues in Germany during the three seasons
from 2011/2012 until 2013/2014 (n = 4400 in total). The JBBL
is the highest German junior basketball league for players less
than 16 years of age. Afterwards, players may enter the NBBL
which is the highest German basketball league for players
younger than 19 years. Both leagues have been installed to
create high levels of nationwide competition and are part of
the talent development system in German basketball.
Depending on players’ age at nomination, basketball tal-
ents may compete up to 3 years in the JBBL followed by
another 3 years in the NBBL. Both leagues provide open
structures concerning players’ participation in these talent
development structures; basketball players may enter (and
exit) the league whenever their performance allows them to be
a member of the respective JBBL and NBBL teams. The JBBL
consists of 48 club teams competing in eight regional divi-
sions; the NBBL includes 32 club teams competing in four
regional divisions. Referring back to the conceptualization of
Schorer et al. (2013), this is a dynamic multiyear age band
with an individual’s relative age being a dynamic characteristic
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changing from year to year as multiple within-1-year cohorts
participate in a 3-year age band (see Fig. 1). However, basket-
ball players born near the cut-off date of January 1 also
remain the relatively oldest in their respective birth year; play-
ers’ constituent year reflects the system-specific circumstance
that one and the same player can be among the youngest
members of a 3-year age band in one playing season and will
then move to the older cohorts in the two subsequent seasons.
Within-1-year effects consider possible skewed birthdate dis-
tributions among the 1-year subgroups that constitute the
3-years age band while constituent year effects ask for possible
effects of the combined competition of three 1-year age bands
such as an overrepresentation of the oldest age band (Schorer
et al., 2013).
Statistical analyses
The presence of a relative age effect was determined by testing
whether a significant difference existed between the expected
and measured number of players born per birth quartile or
birth year. In German basketball, the cut-off date which is
used to determine age cohorts is January 1. Therefore, players’
months of birth were categorized into four quartiles (Q1: Jan-
uary–March, Q2: April–June, Q3: July–September, Q4: Octo-
ber–December). As with much of previous research in this
area, chi-square goodness of fit tests were calculated to deter-
mine whether players’ birthdate distribution differed signifi-
cantly from the expected distribution. Those comparisons
were based on the assumption of an equal distribution, a
notion that has been supported in previous samples from Ger-
many (Schorer et al., 2010).
To be able to test for an interaction of both factors, first a
multi-way frequency analysis was conducted. The general pur-
pose of a multi-way frequency analysis (MFA) is to test for
relationships among three (or more) discrete (in this case:
nominal) independent variables (Tabachnick & Fidell, 2013).
So, the MFA is a non-parametric test that is utilized for
multivariate forms of chi-square dealing with variations and
interactions between three or more categorical variables. In
log-linear analyses, none of the variables is treated as a depen-
dent variable (Salkind, 2006). In the current study, this kind
of analysis tries to demonstrate whether there is an interaction
between constituent and within-1-year effects in elite German
youth basketball. This hierarchical log-linear model starts
with all two-way and one-way associations and then elimi-
nates as many of them as possible, while still maintaining an
adequate fit between observed and expected frequencies
(Tabachnick & Fidell, 2013). In a second step, chi-square tests
were administered to check for constituent year effects and
within-1-year effect in isolation. For those analyses chi-square
values, probabilities (P) and effect sizes (w) are reported. All
analyses were conducted with SPSS 23.0 (IBM SPSS Statistics
for Windows, Version 2.0. Armonk, NY, USA, IBM Corp.)
and MS Excel 2010 (Microsoft Corporation, Redmond, WA,
USA). Effect sizes were determined using G*power 3.1.10
(Faul et al., 2007). Because of the two different leagues under
investigation in our study, separate analyses were conducted
for each.
Results
For the JBBL, all two-way contingency tables pro-
vided expected frequencies in excess of five. No out-
liers could be revealed. Stepwise backward
elimination selection produced a model that included
the interaction of constituent year effects and within-
1-year effects, v2(6, 2590) = 12.76, P < 0.05. For the
whole JBBL sample, a significant overall relative
age effect was shown, v2(3, n = 2590) = 162.92,
P < 0.001, w = 0.25. Separate chi-square analyses
for the first, v2(3, n = 141) = 28.39, P < 0.01,
w = 0.45, second v2(3, n = 942) = 70.41, P < 0.01,
w = 0.27, and third year of players JBBL involve-
ment, v2(3, n = 1507) = 75.77, P < 0.01, w = 0.22,
revealed significant within-1-year effects for each
year and showed a decrease of the effect sizes by 0.23
from year 1 to year 3. As can be seen in Fig. 2a, the
within-1-year effects decrease from the first year of
players’ JBBL participation to their potential third
participation year and therefore from the youngest
to the oldest age cohort. In addition, the constituent
year effect analyses revealed significant results for
the JBBL, v2(2, n = 2590) = 1091.42, P < 0.001,
w = 0.65. The sample sizes of the three age cohorts
within this multiyear age band underline the strong
overrepresentation of the oldest age band.
The same analysis was conducted for the NBBL
sample. Again, all prerequisites were met. No inter-
action of within-1-year effects and constituent year
effects was found. Stepwise backward elimination
Fig. 1. Age-grouping policies in elite German youth basketball.
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selection produced a model that included only
two first-order factors but no interaction. For the
constituent year effect, v2(2, n = 1810) = 25.32,
P < 0.01, w = 0.12, players from the two older year
groups were overrepresented in comparison to play-
ers from youngest year group, but the two oldest
year groups were very similar (cf. Fig. 2b). For the
overall relative age effect, v2(3, n = 1810) = 69.88,
P < 0.01, w = 0.19, a higher percentage of players
came from quartile 1 in comparison to quartile 2 and
3, but quartile 3 was higher than quartile 2. Quartile
4 was the least represented in this sample (cf. Fig. 3).
Again, separate chi-square analyses for the 1st, 2nd,
and 3rd year of NBBL involvement revealed
significant within-year effects, 1st year, v2(3, n =
504) = 31.0, P < 0.01, w = 0.25, 2nd year, v2(3,
n = 650) = 17.09, P < 0.01, w = 0.16, 3rd year,
v2(3, n = 656) = 23.52, P < 0.01, w = 0.19. All within-
1-year analyses demonstrated similar effect sizes.
Discussion
The first aim of our study was to test for within-1-
year effects in the two highest junior leagues in
German basketball including players at the age of
13–19 years. In summary, within-1-year effects were
shown for both youth elite German basketball lea-
gues. In the JBBL, within-1-year effects were shown
from the first year of players’ JBBL participation to
their potential third participation year and therefore
from the youngest to the oldest age cohort. Addi-
tionally, results showed a decrease of the effect sizes
from year one to year three. For the NBBL, analyses
revealed significant within-1-year effects with similar
effect sizes for the 1st, 2nd, and 3rd year of players’
involvement.
These results reflect the current state of research
on relative age effects and replicate previous findings
on within-1-year effects in sports. In addition, the
decline of within-1-year effects with increasing age is
in line with the current state of research on relative
age effects in youth team sports (Schorer et al.,
2011).
The second aim of our study considered the exis-
tence of constituent year effects among youth high-
level basketball players in Germany. Whenever
multiple within-1-year cohorts participate in multi-
year age bands, such as in our samples, constituent
year effects are a frequent finding, often favoring
older constituent years (i.e., athletes of older abso-
lute ages). Research suggests that a participant’s rel-
ative age within the current age band influences the
likelihood of both participation and success. It was
shown for Master athletes that those in the early
stages of their age band had both higher participa-
tion rates and a higher likelihood of success (Medic
et al., 2007, 2013). The effects of such an age-group-
ing structure for youth athletes’ development have
rarely been investigated. The limited number of pre-
vious studies in other sports suggests that older year
groups are overrepresented in comparison to
younger ones (Lames et al., 2008; Wattie et al.,
2010; Schorer et al., 2013). In our sample, a strong
constituent year effect was shown for youth athletes
competing in the JBBL; the sample sizes of the three
age cohorts within this multiyear age band underline
the strong overrepresentation of the oldest age band
(3rd year 58%) compared to the younger age bands
(1st year 5%, 2nd year 36% of players).
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Fig. 2. (a) Birthdate distribution and participation rates of
JBBL (U16) players. (b) Birthdate distribution and partici-
pation rates of NBBL (U19) players.
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NBBL (U19) players.
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A constituent year effect was found in the NBBL,
as well; compared to the youngest age band, players
born in the older age bands were overrepresented,
but as expected the distribution of age bands was not
as skewed as in the JBBL: players from the two older
year groups were overrepresented in comparison to
players from the youngest year group (28%), but the
two oldest year groups contained very similar
amounts of players (36% each, cf. Fig. 3). All in all,
birthdate distributions were shown to differ between
the two leagues, showing that the JBBL is more
affected by both types of relative age effects.
The main aim of this study was to examine a
potential interaction between constituent and within-
1-year effects in elite German youth basketball.
Interestingly, an interaction was found among U16
(JBBL) teams, but not for the U19 (NBBL) teams. It
seems that players’ constituent year within the 3-year
age band strongly influences the role of players’ rela-
tive age within the 1-year age band. With increasing
age, relatively younger players seem more able to
overcome their age-related disadvantages.
To our knowledge, the interaction of constituent
year effects and within-1-year effects has not been
noted previously and highlights the complexity of
age effects in sport systems. Results suggest relatively
younger players are less likely to enter the talent
development system and, if they happen to make it,
enter the system at a later point in time compared to
their relatively older teammates. One possible expla-
nation for the fact that the interaction of constituent
year effects and within-1-year effects was found
among JBBL players but not among NBBL players
is that maturational differences at the age of 13 and
16 years of age are more strongly pronounced (Mal-
ina et al., 2004). Only approximately 5% of JBBL
players belong to the youngest age cohort of the
3-year age band. For future investigations, it might
be interesting to examine whether players making it
to the development system at such a comparatively
early point in time are early maturers or benefit from
outstanding playing skills or both. The number of
players per constituent year significantly increased
with age and at the same time the within-1-year
effect of each subsample decreases, so that overall
chronological age seems to be more important than
the relative age within a birth year. In the JBBL,
players seem to enter the talent development system
with a delay. In contrast, the representation of each
constituent year in the NBBL is more balanced.
Separate chi-square analyses for the 1st, 2nd, and
3rd year of NBBL involvement revealed significant
within-year effects, but effects were not as pro-
nounced as in the JBBL. The missing interaction
among the 16- to 19-year olds and the comparatively
consistent birthdate distributions in each within-1-
year group indicates that once players have entered
the junior basketball system in the JBBL, relatively
younger players are less threatened by dropping out
of the system, and perhaps benefit from their delayed
entry into that system.
In considering the results of the current study
compared to findings from previous research on rel-
ative age effects in basketball, it is noteworthy that
studies have examined very different samples in
varying sport systems. While in most European
countries, sport participation is largely organized via
the independent club sport system (e.g., in France
and Germany; Delorme & Raspaud, 2009), a huge
amount of sport involvement in North America is
organized linked to the educational systems such as
high school and college teams (Co^te et al., 2006;
Chittle et al., in press). On the one hand, this makes
it difficult to draw conclusions based on the current
state of research on relative age effects in basketball.
On the other hand, these structural differences might
help to explain the mixed results on relative age
effects in basketball. It is possible that the German
club sport system(s) promotes the selection of quali-
ties that determine early success, such as physical
size, speed, and power. These qualities are often
determined by chronological age and not necessarily
by innate potential (Wattie et al., 2008; Baker, Cob-
ley et al., 2010). In the North American system,
delaying the entrance to the development system
and gaining time to catch up maturational differ-
ences in performance enhancing qualities might be a
key opportunity to counterbalance disadvantages
resulting from a reduced chronological age and
therefore to avoid the emergence of a relative age
effect. Given the fact that in national sport systems
where within-1-year effects are demonstrated for the
youth developmental teams, these effects can also be
demonstrated in the senior system, carryover effects
might exist, but this hypothesis cannot be proved by
the existing data. Based on results from Germany,
where within-1-year effects were demonstrated
among youth JBBL and NBBL players as well as
among BBL senior players (Schorer et al., 2011), it
seems there is some evidence suggesting the existence
of carryover effects.
Examples of how an athlete’s relatively older age
may provide selection and career development
advantages have been given in a variety of sports at
numerous competitive levels (Cobley et al., 2009).
Given the fact that datasets collected in previous
studies resulted from varying sport systems underly-
ing different sporting policies, our results indicate
that the unique backgrounds influence the best meth-
ods for analyzing the data. For example, talent
development systems where young athletes compete
in dynamic multiyear age group bands or in talent
selection procedures where the age of participation is
not linked to a certain age or a 1-year age band, data
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analyses of within-1-year effects might not provide
enough insight. In sport systems where athletes have
a within-1-year relative age and a constituent year,
researchers should test for both effects as well as for
possible interactions between the two. As demon-
strated by Glamser and Marciani (1992) for intercol-
legiate basketball and football, players’ birthdates
showed an equal distribution throughout the calen-
dar year and therefore no relative age effect. How-
ever, in a similar sample, relative age effects were
found as soon as players’ academic timing was con-
sidered (see also Dixon et al., 2013).
Taking into account such underlying interactions,
findings on relative age effects might change in sport
systems where athletes have a within-1-year relative
age and a constituent year: in cases where relatively
younger athletes enter a system one or more years
delayed, stronger within-1-year effects could result;
academically delayed athletes born in quartile 3 and
4 balance the birthdate distribution of the actual
overall 4-year sample, but when their age band is
considered a skewed birthdate distribution with an
underrepresentation of quartile 3 and 4 born athletes
should appear. Theoretically, results would also have
to be reinterpreted if the relatively older delay their
sporting career (which might result in an overrepre-
sentation of athletes born in quartile 1 and 2). As a
consequence, in some samples, presumed strong rela-
tive age effects might not be as pronounced as previ-
ously thought.
While this study highlights several intriguing areas
for further work on age-related effects in athlete
development, there were some limitations to our
analyses. The most significant limitation was that the
data we received was anonymized and as a result it
was not possible to check whether players competing
in the three subsequent seasons were identical or
whether there was entry/exit of players from the
overall pool of athletes. Therefore, it was not possi-
ble to determine whether the more balanced data
were due to relatively younger players entering the
system delayed or due to a higher amount of rela-
tively older players dropping out of the development
system as it has been shown in other sports (Schorer
et al., 2009). Based on the interactions of within-1-year
effects and constituent year effects in the JBBL found
in our sample, future studies should address the poten-
tial impact of drop-out rates throughout the 6 years
duration of the talent development system in German
youth basketball. Unfortunately, such an investigation
cannot be conducted with our anonymized 3-year
dataset, but future studies should try to collect longitu-
dinal data to investigate the mechanisms underlying
the interaction of within-1-year effects and constituent
year effects in the JBBL.
Perspective
Results indicated that development policies influence
young players’ development of sport expertise in bas-
ketball, especially the development of relatively
younger players who often enter the talent develop-
ment system 1 or 2 years later than their relatively
older peers. For future research in this area, it might
be interesting to compare different sport systems and
to take a closer look at the system-specific differ-
ences. The differentiation of two development sys-
tems in a single sport only leads to a limited amount
of new insight. Therefore, to gain deeper insights
into the underlying mechanisms and interacting con-
straints, it might be more effective to determine in
advance a number of countries with different sport
and talent development systems and then conduct a
detailed comparison of the different contexts shaping
athlete development internationally (Wattie et al.,
2015).
Key words: Relative age effects, talent development,
junior basketball, age-grouping policies, expertise.
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